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環境負荷の低減や、エネルギーの効率的な利用のため、電気二重層キャパシタ（EDLC: 
Electric double layer capacitor）やリチウムイオン電池等の蓄電デバイスの需要が高まっ
ている。EDLC は二次電池と比べ、優れた出力特性を有しており長寿命である一方、容量
特性に課題がある。これら EDLCの特性は、電極材である多孔質炭素材料のナノ構造に大
きく依存する。近年、Chmiolaらは炭化物由来多孔質炭素（CDC: Carbide derived porous 
carbon）と呼ばれる平均細孔幅が 1 nm以下の多孔質炭素材料を EDLCの電極材へ適用す
ることで、表面積当たりの容量（面積比容量）が特異的に増加する現象を報告した（Chmiola 







第 1 章では、序論として背景、EDLC や CDC の概要、および EDLC 電極材としての
CDCの課題と、本研究の目的に関して記載した。 







り、比表面積は 1300 m2 g-1 程度から最大で 2000 m2 g-1 程度まで増加した。また、SiC-
CDCの塩素処理温度を変えることで、その後の賦活処理で形成されるミクロ孔とメソ孔の
割合を制御できることを見出した。特に、1100℃の低温で塩素処理を施した SiC-CDCは、




第 4 章では、第 3 章で得られた SiC-CDC の EDLC 用電極材としての特性を評価した。






1400℃で熱処理することで、表面官能基量は 0.26 mmol g-1から 0.01 mmol g-1へ低減し
た。この場合の比表面積減少率は約 10%で YP50Fの 20%より小さく、SiC-CDCの細孔が
収縮し難いことを確認した。続いて、1400℃で熱処理した SiC-CDCを LICの正極材に適
用し、温度 60℃、セル電圧 4.0 V のフロート耐久試験を実施した。1400℃で熱処理した
SiC-CDC のフロート試験前の直流抵抗は 2.1 であり、熱処理なしの SiC-CDC と同程度
であった。一方、1000時間のフロート試験を実施した後の直流抵抗は、熱処理なしの SiC-





SiC を調製した後、1100℃で塩素処理を行いもみ殻系の SiC-CDC を得た。得られた SiC-
CDC の比表面積は 1060 m2 g-1で、第 3 章で調製した賦活なしの α型の SiC-CDC の比表
面積である 1330 m2 g-1より 20%程度小さいことを確認した。これらの SiC-CDCの EDLC
電極材としての特性を評価した。その結果、どちらの SiC-CDC も表面積比容量は 2.0 F 
cm-2程度であり、市販の EDLC 電極材である YP50F の 1.7 F cm-2より高いことを確認
した。これらの SiC-CDCは賦活処理を実施していないが、もみ殻系の SiC-CDCは α-SiC-
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Energy storage devices such as electric double-layer capacitors (EDLCs) have attracted 
considerable attentions because of their potential to reduce environmental load and efficiently 
use energy. EDLCs demonstrate high power density and long cycle performance; however, their 
energy density is low compared with rechargeable batteries. Their performance strongly 
depends on nanostructures of porous carbons as active materials. Recently, Chmiola et al. 
reported that surface-area-normalized capacitances anomalously increased when carbide-
derived porous carbons (CDCs) with an average pore width of less than 1 nm were used as active 
materials of EDLCs (Chmiola et al., Science 2006). EDLCs using conventional activated carbons 
or nano carbons could not demonstrate such high capacitances, and this is the advantage of the 
CDCs. However, the CDCs have not been widely used as commercial electrode materials because 
of their balance of performance and cost. Therefore, the purposes of this study are to improve 
the performance of capacitors using the CDCs and establish an inexpensive manufacturing 
method of the CDCs.  
This thesis comprises seven chapters.  
In Chapter 1, the background and purposes of this study, an overview of EDLCs and the CDCs, 
and the challenges of EDLCs using the CDCs have been introduced.   
In Chapter 2, the nanostructures of various CDCs have been characterized. The porous and 
crystal structures of titanium- and aluminum-carbide-derived porous carbons changed as the 
chlorination temperature increased from 1000ºC to 1400ºC. In contrast, these structures of 
silicon-carbide-derived porous carbons (SiC-CDCs) were stable in the chlorination temperature 
range from 1000ºC to 1400ºC, thereby indicating that SiC-CDC had higher thermal stability.  
In Chapter 3, by focusing on the SiC-CDCs because of their cost, availability of their raw 
material, and the thermal stability of nanostructures, the author conducted steam activation of 
the SiC-CDCs and evaluated their nanostructures. The BET surface areas of the SiC-CDCs 
increased from 1300 m2g−1 to a maximum of approximately 2000 m2g−1 by steam activation. 
Moreover, the ratio of the micropore and mesopore volumes of the activated SiC-CDCs could be 
controlled by the chlorination temperature before the activation. In particular, the activated 
SiC-CDC chlorinated at 1100ºC had considerably larger micropore volumes and narrower 
average pore widths than those of the activated SiC-CDCs chlorinated at higher temperatures 
as well as those of commercial activated carbon (YP50F), suggesting that the SiC-CDCs 
chlorinated at low temperature could be steam activated, while retaining their narrow average 
pore widths.  
In Chapter 4, the author fabricated and evaluated EDLCs using the obtained SiC-CDCs in 
the previous chapter. The activated SiC-CDC with a surface area of 1900 m2g−1 exhibited similar 
power density but higher energy density and long-life stability compared with the commercial 
activated carbon for EDLCs.  
In Chapter 5, using the SiC-CDCs, lithium ion capacitors (LICs) were prepared and evaluated 
to enhance the energy density of capacitors. Moreover, the floating durability of LICs was 
improved using the activated SiC-CDCs surface-modified by heat treatment. The amount of 
acidic surface functional group of the activated SiC-CDC heat-treated at 1400ºC decreased from 
0.26 mmol g−1 to 0.01 mmol g−1. In addition, after the heat treatment at 1400ºC, the BET surface 
area of the SiC-CDC decreased by only 10%; however, that of YP50F decreased by 20%. 
Subsequently, the electrochemical durability of the activated SiC-CDCs (both before and after 
heat treatment) as LIC positive electrodes was evaluated through floating tests at a cell voltage 
of 4.0 V and a temperature of 60ºC. The internal resistance of the SiC-CDC heat-treated at 
1400°C was 2.1  and was as low as that of the unheated SiC-CDC. After a 1000-h floating test, 
the internal resistance of the SiC-CDC heat-treated at 1400ºC increased to 5.8 , whereas that 
of the unheated SiC-CDC increased to 10.4 . This is due to the reduction of the acidic surface 
functional group by the heat treatment. Therefore, the SiC-CDC materials exhibit features that 
make them promising materials for high-performance positive electrodes for capacitors.  
In Chapter 6, to obtain affordable SiC-CDCs, the author proposes a method for producing SiC-
CDCs from rice husk, which is a common agricultural waste material. The rice husk-based SiC-
CDC (RH-SiC-CDC) was prepared by heat treatment of the rice husk charcoal (RHC) in a He 
atmosphere at more than 1500°C followed by chlorination at 1100°C. The obtained RH-SiC-CDC 
had a surface area of 1060 m2g−1 which was 20 % lesser than that of the non-activated α-SiC-
CDC described in Chapter 3 (1330 m2g−1). EDLCs using these SiC-CDCs and YP50F were 
fabricated and electrochemically evaluated. Both RH-SiC-CDC and α-SiC-CDC gave similar 
surface-area-normalized capacitances of 2.0 Fcm−2, while that of the EDLC prepared using 
YP50F was 1.7 Fcm−2. Moreover, even though these SiC-CDCs were not subjected to steam 
activation, the internal resistance of the RH-SiC-CDC was significantly lower than that of the 
α-SiC-CDC and comparable to that of YP50F. Finally, the author proposed a sustainable process 
of preparing RH-SiC-CDC by utilizing byproducts. On the basis the properties exhibited by the 
RH-SiC-CDC, it can function as an affordable electrode material for application in EDLCs with 
high capacitance and low resistivity.  
In Chapter 7, the general conclusions and future prospects have been described.  
